Initially submitted September 15, 2016 ; accepted for publication March 21, 2017.
Public expenditure on large events such as the London 2012 Olympic Games is often justified by the potential legacy of urban regeneration and its associated health and well-being benefits for local communities. In the Olympic Regeneration in East London Study, we examined whether there was an association between urban regeneration related to the 2012 Games and improved mental health in young people. Adolescents aged 11-12 years attending schools in the Olympic host borough of Newham in London or in 3 adjacent comparison London boroughs completed a survey before the 2012 Games and 6 and 18 months after the Games (in 2013 and 2014, respectively). Changes in depressive symptoms and well-being between baseline and each follow-up were examined. A total of 2,254 adolescents from 25 randomly selected schools participated. Adolescents from Newham were more likely to have remained depressed between baseline and the 6-and 18-month follow-up surveys (for 6-month follow-up, relative risk = 1.78, 95% confidence interval: 1.12, 2.83; for 18-month follow-up, relative risk = 1.93, 95% confidence interval: 1.01, 3.70) than adolescents from the comparison boroughs. No differences in well-being were observed. There was little evidence that urban regeneration had any positive influence on adolescent mental health and some suggestion that regeneration may have been associated with maintenance of depressive symptoms. Such programs may have limited short-term impact on the mental health of adolescents. adolescent; depressive symptoms; longitudinal; positive well-being; urban regeneration Abbreviations: CI, confidence interval; MAR, missing at random; OR, odds ratio; ORiEL, Olympic Regeneration in East London; WEMWBS, Warwick Edinburgh Mental Well-Being Scale.
Public expenditure on large sporting events such as the London 2012 Olympic Games is often justified by the hypothesized positive impact of urban regeneration, including the provision of new sports and recreational facilities, related to hosting such events and the associated legacy benefits for local communities (1) . Addressing deprivation by enhancing health and well-being through urban regeneration programs was among the legacy benefits identified for the London 2012 Olympic Games (2) . However, public-health evaluations have thus far found little evidence of a positive association between large-scale investment in urban regeneration at the household, dwelling, community, or neighborhood levels with either mental health or social determinants of mental health (3, 4) . In fact, urban regeneration may negatively impact mental health (3) (4) (5) (6) via increased stress associated with the environmental nuisance of regeneration (6) , gentrification (5, 7), changes to social networks (8) , displacement (1) , loss of amenities (1), lack of control over the planning process (1, 8) , and an increase in relative deprivation among residents who do not benefit. Nevertheless, regeneration may impact positively on children and adolescents from these communities (7), via increasing feelings of safety, reducing exposure to stressors, and increasing access to amenities. However, there have been few studies in which the associations of this sort of urban regeneration with the mental health and well-being of children and adolescents have been evaluated (4) .
The Olympic Regeneration in East London (ORiEL) Study examined whether urban regeneration occurring around the 2012 London Olympic Games (hereafter, the Games) was associated with improved adolescent mental health and well-being among adolescents who lived in those areas compared with those who lived in areas with less or no Olympic-related urban regeneration. We hypothesized that adolescents living in an area receiving most of the Games-related urban regeneration would have greater positive change and better mental health 6 and 18 months after the regeneration than adolescents living in comparison areas receiving less or no Games-related urban regeneration.
METHOD Study design and participants
This longitudinal, quasi-experimental study followed for 3 years a cohort of adolescents recruited from randomly selected schools in the London boroughs of Barking and Dagenham, Hackney, Newham, and Tower Hamlets. The participants, ages 11-12 years in year 7 at baseline (January-June 2012), were first followed up in year 8 (ages 12-13 years; January-June 2013) 6 to 11 months after the completion of the Games, and again in year 9 (ages 13-14 years; January-June 2014) 18-23 months after the Games. Ethical approval was granted by the Queen Mary University of London Research Ethics Committee (QMREC2011/40), the Association of Directors of Children's Services (RGE110927), and the London Boroughs Research Governance Framework (CERGF113). Head teachers gave written consent for the study in their school; parents gave passive informed consent and could opt their child out of the study; adolescents gave written informed assent for the study.
Exposure to urban regeneration associated with the Games
The intervention borough was the London borough of Newham, where the 2012 Games primarily were hosted and where the majority of regeneration occurred. Within Newham, regeneration associated with the Games was focused in 3 main areas: Stratford City development, the Olympic Park, and the Olympic Fringe. The main components of this regeneration program are outlined in Table 1 Three adjacent London boroughs (Barking and Dagenham, Hackney, Tower Hamlets) were selected as comparison areas. We hypothesized they would benefit less from the planned regeneration, because they were farther from the Olympic Park and were not direct recipients of the regeneration activities outlined in Table 1 . Figure 1 shows the distribution of the schools across the 4 boroughs in East London.
Although selection of the intervention and comparison boroughs underpins the epidemiologic design of the study, we also conducted analyses that used a different characterization of "exposure" to the urban regeneration associated with the Games. This measure was the Euclidean distance of the participant's school to the Olympic Park, calculated using a geographical information system (9) . These analyses examined the odds for changes in mental health and well-being for an interquartile increase in distance to the Olympic Park (interquartile range, 3,240.7 m).
Procedure
Of the 48 secondary schools in the 4 boroughs, we randomly selected 6 to 7 schools in each borough; when a selected school refused to participate, another school within the borough was randomly selected to participate. The study had 80% power to detect an 8% difference in well-being (5% significance level) with an 18-month follow-up sample of 1,766 adolescents from 24 schools (10). This calculation was informed by a study (11) that found well-being scores on a range of scales improved by 8%-25% for adults and children after a neighborhood intervention.
Of 41 invited schools, 25 participated (school response rate, 60.9%), resulting in 6 intervention and 19 comparison schools. In 7 schools, all students in year 7 were invited, which led to the recruitment of more than 90 children per school. In the remaining schools, a mixed-ability sample was selected. The sociodemographic characteristics of the baseline sample were similar to those reported in the 2011 United Kingdom national census. Adolescents followed a standardized protocol to complete a questionnaire in their classroom; the questionnaire assessed well-being, mental health, physical activity, and sociodemographic factors.
Outcomes
Well-being and depressive symptoms were self-reported by the adolescents. The World Health Organization defines wellbeing as "a state in which every individual realizes his or her own potential, can cope with the normal stresses of life, can work productively, and is able to make a contribution to her or his community" (12) . Well-being was assessed by the WarwickEdinburgh Mental Well-Being Scale (WEMWBS), a 14-item (5 response categories) self-report measure of subjective, positive well-being (13) at baseline and at the 6-and 18-month follow-up study points. Before and after absolute changes in the continuous WEMWBS scores between baseline and the 6-and 18-month follow-up surveys were calculated by subtracting the baseline score from the 6-month or 18-month follow-up score, respectively.
Depressive symptoms were assessed by the Short Moods and Feelings Questionnaire, a 13-item (3 response categories) selfreport measure (14) valid for use with adolescents. The Short Moods and Feelings Questionnaire has been shown to discriminate a psychiatric sample from a pediatric control sample (14) . Dichotomous scores (14) indicative of clinically relevant depressive symptoms were used to determine whether an adolescent had clinically relevant depressive symptoms at each time point (no depressive symptoms: score, 0-7; depressive symptoms: score, ≥8). These dichotomous variables were then used to assess change between baseline and the 6-month follow-up, and baseline and the 18-month follow-up. The resulting categorical outcomes were 1) no depressive symptoms at baseline or follow-up (reference group), 2) change from no depressive symptoms at baseline to depressive symptoms at follow-up ("became depressed"), 3) change from depressive symptoms at baseline to no depressive symptoms at followup ("no longer depressed"), and 4) depressive symptoms at baseline and follow-up ("remained depressed").
Covariates available at baseline and both follow-up surveys were identified a priori from existing literature, which demonstrated cross-sectional and longitudinal associations with depressive symptoms in our previous East London, school-based cohort study of adolescents (Research with East London Adolescents: Community Health Survey) conducted between 2001 and 2005 (15-18). The covariates were age (months); sex; ethnicity (assessed using an 11-category variable based on the 2011 United Kingdom Census); number of years lived in the United Kingdom; number of parents the participant lived with; parental income; bullied at school in the past 12 months; receiving free school meals (as a marker of social disadvantage); long-standing illness; number of life events; changed neighborhoods since last survey; and the number of days since the opening ceremony of the Games that the questionnaire was completed. Social support from family and friends was assessed using the Multidimensional Scale of Perceived Social Support (19) , with scores divided into tertiles representing low, medium, and high support.
Statistical analyses
Weights were derived to take into account unequal probabilities of school and pupil selection. Prevalence and rates of missing data for the outcomes and covariates were examined; missing values ranged from 0.0% to 45.2%. We explored patterns and predictors of missing observations through logistic regression modelling. Analyses suggested that data were missing at random (MAR) (20) . Data were imputed using multilevel multiple imputation in Realcom software (Realcom Applications, Coleorton, Leicestershire, UK) (21), which uses a joint, multivariate, normal modelling approach through the Markov Chain Monte Carlo method. We imputed with 2 levels (first, survey time (baseline, 6-month follow-up or 18-month follow-up); second, adolescent) with all the outcomes and covariates as fixed effects. Interaction terms between sex and the intervention, and free school meals and the intervention were also included. The imputation model was chosen to be congenial (22) with the most saturated model of interest; auxiliary variables were included to strengthen the MAR assumption. We used a "burn in" period of 25,000 iterations, followed by 50,000 iterations, producing a dataset every 1,000th iteration, which resulted in 50 imputed datasets. The Markov Chain Monte Carlo chains were examined to check for convergence.
Analyses were carried out using STATA, version 14 (StataCorp LP, College Station, Texas) (23) . Crude and adjusted linear, logistic, and multinomial regression models were run to assess the associations of urban regeneration (intervention vs comparison) with short-term (wave 1 to wave 2) and longerterm (wave 1 to wave 3) change in well-being and depressive symptoms. The models were adjusted for baseline demographic factors, household factors, family and friend social support, and psychological factors (Table 2 ). An additional adjustment for baseline well-being, as determined by the WEMWBS, was made to the adjusted model for well-being to test sensitivity of the findings for baseline well-being. Interactions between urban regeneration (i.e., borough or distance to the Olympic Park) with sex and free schools meals were tested; models were stratified and interactions were statistically significant when P ≤ 0.05. Inference sensitivity to departure from MAR was explored through tipping-point sensitivity analysis in which data were imputed under "missing not at random" with increasing departure from the MAR assumption. Inferences were robust to departures from the MAR assumption. 
RESULTS

Participants' characteristics
Urban regeneration and depressive symptoms
Depressive symptoms were higher in the adolescents in the intervention borough at baseline than in those in the comparison boroughs (27% vs 20%; unadjusted odds ratio (OR) = 1.49; P = 0.024). Table 3 lists the changes in depressive symptoms between baseline and the 6-month follow-up. In the fully adjusted models, at the 6-month follow-up, adolescents who were no longer depressed (relative risk = 1.53, 95% confidence interval (CI): 1.07, 2.20) or who remained depressed (relative risk = 1.78, 95% CI: 1.12, 2.83) were more likely to be from the intervention borough than from the comparison boroughs. These data reflect, at least in part, the higher prevalence of depression in the intervention borough at baseline.
Post hoc analysis restricted to those with baseline depression showed that adolescents from the intervention area were not more likely to have recovered at the 6-month follow-up compared with those from the comparison area (OR = 0.72, 95% CI: 0.44, 1.18). Indeed, among those with no baseline depression, adolescents from the intervention area were more likely to have become depressed by the 6-month follow-up than those from the comparison area (OR = 1.42, 95% CI: 1.09, 1.85).
Distance to the Olympic Park was not associated with changes in depressive symptoms between baseline and the 6-month follow-up. There were no interactions between borough or distance to the Olympic Park and sex or eligibility for free school meals relative to change in depressive symptoms between baseline and the 6-month follow-up (P > 0.05). Table 3 also lists the changes in depressive symptoms between baseline and the 18-month follow-up. In the fully adjusted models, adolescents who remained depressed at the 18-month follow-up were more likely to be from the intervention borough than from the comparison boroughs (relative risk = 1.93, 95% CI: 1.01, 3.70). Distance to the Olympic Park was not associated with changes in depressive symptoms between baseline and the 18-month follow-up (Table 3) . No interactions were observed between borough or distance to the Olympic Park and sex or eligibility for free school meals relative to change in depressive symptoms between baseline and the 18-month follow-up (P > 0.05).
Post hoc analyses showed that for those with no baseline depression, the adolescents from the intervention area were more likely to have become depressed at the 18-month follow-up than those from the comparison area (OR = 1.38, 95% CI: 1.06, 1.80). For adolescents with baseline depression, those from the intervention area were not more likely to have recovered at the 18-month follow-up (OR = 0.67, 95% CI: 0.41, 1.10). 
Urban regeneration and change in well-being
Well-being scores were lower in the intervention borough at baseline than in the comparison boroughs (mean score (standard error), 50.7 (0.6) vs 53.0 (0.2); P = 0.001). There was little change in well-being scores between the surveys (mean (standard error) baseline to 6-month follow-up, μ = −0.02 (0.03); baseline to 18-month follow-up, μ = −0.04 (0.04)). According to the data in Table 4 , there was no association between borough and change in well-being between baseline and either follow-up survey. Distance to the Olympic Park was not associated with changes in well-being between baseline and either follow-up survey (Table 4) . No interactions were observed between borough or distance to the Olympic Park and sex or eligibility for free school meals in relation to change in well-being between baseline and either follow-up survey.
DISCUSSION
The findings of this study indicate that as a population-health intervention (7, 24) , the urban regeneration associated with the London 2012 Olympic Games had little or no detectable positive influence on changes in adolescent mental health in terms of depressive symptoms or well-being. Although those who were depressed at baseline were more likely to have improvement in their symptoms at the 6-month follow-up in the intervention borough compared with adolescents in the control boroughs, this was the only positive association observed and should be considered in the light of more adolescents having depressive symptoms at baseline in the intervention borough. This association was not maintained 18-months after regeneration nor was it replicated in other analyses. In fact, attending school in the intervention borough was associated with a greater chance of maintaining depressive symptoms. Our hypotheses that adolescents in an area of urban regeneration would experience greater positive change and better mental health after the regeneration, compared with adolescents in areas of less or no urban regeneration, were not supported by the study data. These conclusions were further supported by analyses using a different characterization of exposure to the intervention: distance of the participant's school to the Olympic Park.
Urban regeneration and adolescent depressive symptoms
The higher levels of depressive symptoms, in terms of remaining depressed between baseline and the 6-and the 18-month follow-up surveys, in adolescents living in the Olympic host borough receiving urban regeneration replicate the findings of some previous studies of urban regeneration in adult populations (3, 4) . There was evidence that regeneration was associated with becoming depressed for those with no baseline depression. Urban regeneration can be associated with increased feelings of social isolation (25) , reduced social capital (25) , increased exposure to stress (26) , and relative deprivation, all of which may influence mental health.
Regeneration may not address residents' concerns (1, 5) and may not influence psychosocial, lifestyle, safety, or economic determinants of mental health (6, 27) . Interviews with families in the ORiEL Study revealed that during the Games, residents in the intervention borough felt their environment was safer and more unified, but they appreciated this was temporary, with little impact on more immediate concerns such as poor housing and opportunities for employment (28) . However, adolescents in the intervention borough had higher rates of depressive symptoms at baseline and at both follow-up visits than did adolescents in the comparison boroughs, which may be explained by other unmeasured differences among the boroughs such as social, economic, and environmental determinants of mental health (6, 27) , including income, employment, physical activity, and diet. Whether these determinants have associations with urban regeneration is being explored in a study of the parents of adolescents in the ORiEL Study.
Borough-level differences in depressive symptoms may partially account for the findings reported here. A study conducted between 2001 and 2005 of adolescents in 3 of the London boroughs included in the ORiEL Study (i.e., Newham, Tower Hamlets, and Hackney) reported the highest rates of depressive symptoms in Hackney and the lowest rates in Newham (29) . This finding suggests differences between boroughs in rates of depressive symptoms are changeable over a relatively short time.
The association between living in the Olympic host borough and a greater likelihood of remission of depressive symptoms at 6 months but not 18 months after the Games may reflect temporary positive associations with regeneration (28) . However, this finding may also reflect selection into this outcome group by baseline depressive symptoms. We could not replicate the association of borough on remission from depressive symptoms in analyses restricted to those with baseline depression, which may indicate chance findings. In contrast to the findings characterizing exposure to the urban regeneration by borough, we found that distance of the participant's school from the Olympic Park was not associated with change in depressive symptoms between baseline and either of the 2 follow-up surveys. This difference in findings may reflect the more robust methodology in the ORiEL Study for examining regeneration by borough than by distance to the Olympic Park, because the sample was selected on borough.
Urban regeneration and adolescent well-being There were no differences in change in well-being between the intervention and comparison boroughs or by distance to the Olympic Park, which suggests no positive association between Games-related regeneration and well-being. In our analyses, few factors predicted positive or negative change in well-being, which may be because we observed little change in well-being over time. Negative change was most strongly associated with baseline well-being. Authors of a recent systematic review of interventions using the WEMWBS found large variability in change scores for different interventions (30), but there were few studies in which associations with neighborhood interventions had been examined. Our study findings, along with those of 1 study of adults (31) , suggest the WEMWBS may not be particularly sensitive to change for evaluating neighborhood population-health interventions. In our population, well-being appeared to be more of a stable trait than a changing state (32) .
Limitations and strengths
Exposure to Games-associated regeneration was determined by school location, which may have resulted in some exposure misclassification. It is difficult to characterize the exact dose, or when regeneration begins and ends, for regeneration associated with large events like the Olympic Games; a small degree of regeneration may have started before our baseline survey and continued beyond our 18-month follow-up. There may be contamination between the intervention and comparison boroughs due to geographic proximity. Deprivation varied little between schools; however, area-level confounding by deprivation may remain. The regeneration was highly localized, resulting in much of Newham remaining unchanged. Furthermore, demographic changes in East London in the past decade, such as increases in population, ethnic diversity, and the private renting of flats could also have influenced the findings. Positive associations of urban regeneration with mental health may be demonstrated over a longer time or may have been observed immediately after the Games, but this was not tested in this study. This study reports results of analyses that characterize urban regeneration as a holistic event. Additional ongoing analyses will examine specific neighborhood environmental changes associated with the regeneration activities, such as access to greenness and walkability, and associations with health (33) .
Strengths of this study include the large representative sample indicative of the ethnic superdiversity of East London. To our knowledge, this is one of the first studies to examine the longitudinal associations of urban regeneration on the mental Table 4 . health of an adolescent population. The study had high response rates, thus overcoming a key limitation of many previous studies (4) . Few participants relocated during the study, attrition was low, and multiple imputation was used to take into account missing data.
Conclusion
Complex public-health interventions like urban regeneration are very challenging to evaluate (7, 33) . This large-scale, quasi-experimental study provides little evidence that the urban regeneration due the London 2012 Games was associated with adolescent mental health in terms of reduced depressive symptoms or increased well-being. In fact, urban regeneration may have maintained depressive symptoms in the studied group of adolescents, but this may be explained by differences between boroughs in the social and economic determinants of mental health. The predicted legacy benefit of the Games on enhancing well-being (2) was not observed here. Regeneration may have maintained and contributed to the onset of depressive symptoms. Any beneficial effects of regeneration may be elusive or may take longer to appear.
